We study hadronic molecules formed by a heavy meson and a nucleon, DN and D * N (BN andB * N ) systems. Respecting the heavy quark symmetry and chiral symmetry, we consider the DN -D * N (BN -B * N ) mixing induced by the one boson exchange potential including the tensor force. We find many bound and resonant states with J P = 1/2 ± , 3/2 ± , 5/2 ± and 7/2 − in isospin singlet channels, while only a few resonant states with J P = 1/2 − in isospin triplet channels. The analysis of DN and D * N (BN andB * N ) molecules will be useful to study mass spectra of excited charmed (bottom) baryons with large angular momenta, when their masses are close to the DN and D * N (BN andB * N ) thresholds.
I. INTRODUCTION
to stand for P or P * . Thanks to the mixing of states in P ( * ) N systems, a long range force between a P ( * ) meson and a nucleon N is supplied by one pion exchange with the same coupling strengths for P P * π and P * P * π vertices [16] [17] [18] .
It is interesting that the pion exchange can exist in P ( * ) N systems. As a matter of fact, it is known that the pion exchange is important for the binding of atomic nuclei [19] . There the tensor force of the pion exchange that mixes channels with different angular momenta,
i.e. L and L ± 2, yields a strong attraction to generate a rich structure of bound as well as resonant states. Because the pion exchange is a long range force, it becomes more significant for states with larger orbital angular momenta. In fact, it was shown that, in the nucleonnucleon scattering, the phase shifts in the channels with large orbital angular momenta are reproduced almost only by the pion exchange potential [20, 21] . The importance of the pion exchange was also discussed in NN systems. It was investigated that the properties of bound and resonant states in NN systems are dramatically changed, if the tensor force is switched off [22, 23] . In our previous studies, it was also shown that the pion exchange potential played a significant role for hadronic molecules such asDN and BN baryons [16] [17] [18] , DD (BB) mesons (e.g. Z b meson) [24] and DD (BB) mesons [25] .
In reality, however, the hadronic molecules of P [36] [37] [38] molecules.
The present study is different from them in that we focus on the states near the thresholds and with a large angular momentum.
This paper is organized as follows. In Sec. II, we briefly describe the interaction between a D ( * ) orB ( * ) meson and a nucleon. In Sec. III, we solve the coupled channel Schrödinger equations numerically for bound and resonant states. We discuss the results of the D ( * ) N andB ( * ) N molecule in Sec. IV, and summarize the present work in the final section.
II. INTERACTIONS
Following our previous studies [16] [17] [18] , we consider π, ρ and ω exchange potentials between P ( * ) and N. The interaction Lagrangians for heavy meson vertices are given by the heavy quark symmetry and chiral symmetry [39, 40] ,
where the subscripts π and v are for the pion and vector (ρ and ω) meson interactions. The heavy meson field H is defined by H a = 1+v / 2 P * a µ γ µ − P a γ 5 with the four-velocity v µ of a heavy meson, where the subscript a is for light flavors, u, d. The conjugate field is given bȳ
The axial current of light flavors is written by
and the pion decay constant f π = 132 MeV. The pion field is defined bŷ
and the vector meson field by
where g V ≃ 5.8 corresponds to the gauge coupling constant from hidden local symmetry [41] .
The vector meson field tensor is written by
The coupling constants g π , β and λ are summarized in Table I . These coupling constants are essentially the same as those given in Refs. [17, 18] , except for the signs of g π , β and λ for vertices of π and ω, which are reversed due to G-parity transformation between D ( * ) (B ( * ) ) andD ( * ) (B ( * ) ). In Eqs. (1) and (2), we consider the static approximation v µ = (1, 0).
For vertices of π, ρ and ω mesons to a nucleon, we employ the Bonn model [42] as where N = (p, n) T is the nucleon field. The coupling constants for nucleons are summarized in Table I .
When we consider the π, ρ and ω exchange potentials between P ( * ) meson and nucleon, we take into account internal structure of hadrons by introducing the monopole-type form factors at each vertex;
with the mass m α , three momentum q of the incoming meson α (= π, ρ, ω), and the cutoff parameter Λ. Here, we introduce two cutoff parameters for a heavy meson (D ( * ) andB ( * ) ) and a nucleon. The cutoff parameter Λ N for the nucleon is determined to reproduce the properties (the binding energy, the scattering length and effective range) of the deuteron.
The cutoff parameter Λ P for heavy meson P ( * ) = D ( * ) ,B ( * ) is determined by the ratios of matter radii of the heavy meson and nucleon where the ratio is obtained by a quark model calculation [16] [17] [18] . Their numerical values are summarized in Table II .
In the present study, we employ two types of potential: the π exchange and the πρ ω exchanges. By comparing the results from them, we show the importance of the one pion exchange potential. 
III. NUMERICAL RESULTS
We consider the states with J P = 1/2 ± , 3/2 ± , 5/2 ± and 7/2 ± (total angular momentum J and parity P ) with isospin I = 0 and 1. Various states with J P are expanded by coupled channels of 2S+1 L J (spin S and orbital angular momentum L) as summarized in Table. III.
The meson exchange potentials among various channels and kinetic terms are summarized in Appendix A. Using the hamiltonian composed of the kinetic and potential terms, we solve the coupled-channel Schrödinger equations for P N and P * N channels numerically.
A. Isospin singlet (I = 0)
We present the results for the isosinglet state (I = 0). The energies of bound and resonant states are summarized in Table IV First we discuss the states with J P = 1/2 ± and 3/2 − , and then those with J P = 3/2 + , 5/2 ± and 7/2 ± . In fact, it will turn out that the results in those two categories have different behaviors. This contrasts with the previous result for theD ( * ) N and B ( * ) N systems of truly exotic channels, where the ρ and ω exchanges play a minor role due to the cancellation of these two potentials [17, 18] .
We estimate the mixing ratio of various channels in the bound states as summarized in Table V . We observe that, for J P = 1/2 − states, the most dominant component is DN ( %. Therefore, the tensor force which mixes the S-wave in DN( 2 S 1/2 ) and the D-wave in
) is important to provide a strong attraction. For the mixing ratios, we also find a similar tendency as we discussed for the
Let us move to (I, J P ) = (0, 1/2 + ) state. For D ( * ) N, we find one resonance near the DN threshold when the π potential is used. The resonance energy is 1.4 MeV and the half decay width is 0.2 MeV as shown in Table IV . In the scattering state, we define the resonance energy E re by an inflection point of the phase shift [43] , and the decay width Γ is given by Γ = 2/(dδ/dE) E=Ere . When the πρ ω potential is used, we find a bound state with a binding The binding and resonance energies are measured from the lowest threshold (DN andBN ). Root mean square radii are shown only for bound states. For the πρ ω potential, the mixing ratios of the bound state are 28.4 % forBN( 2 P 1/2 ), 7.7 % forB * N( 2 P 1/2 ) and 63.9 % forB * N( 4 P 1/2 ). In this case again,B * N( dominant component regardless of its heavy mass.
For (I, J P ) = (0, 3/2 − ), we find a resonant DN state for the π potential with the resonance energy 63.5 MeV and the half decay width 7.9 MeV as shown in 3/2 ± with I = 0 when the πρ ω potential is employed. The half decay widths are 118.1 MeV and 44.2 MeV, respectively. As compared to the cases of 1/2 ± and 3/2 − , the results of the π and πρ ω potentials are not very much different, as indicated in Fig. 1 . Since the wave functions are extended due to larger orbital angular momenta of P -wave (L = 1) and F -wave (L = 3) for J P = 3/2 + , the long range potential of the π exchange dominates, while the short range potentials from ρ and ω exchanges are suppressed. ForB ( * ) N, when the π potential is used, we find a resonant state whose resonance energy is 12.9 MeV and half decay width is 15. Finally, for (I, J P ) = (0, 7/2 + ), we find no bound nor resonant state.
B. Isospin triplet (I = 1)
Let us move to the states of isospin triplet (I = 1). We summarize the results for D ( * ) N and forB ( * ) N in Table IV and show the energy levels in Fig. 3 . As a result, we find resonant states only for J P = 1/2 − when the πρ ω potential is employed. For D ( * ) N, the resonance energy is 147.2 MeV and the half decay width is 105.5 MeV. ForB ( * ) N state, we obtain the resonance whose energy is 50.7 MeV and half width 75.5 MeV. The reason that there are not many states in isospin triplet channel can be understood as follows; as compared to the isosinglet channel, the attractive force in the isotriplet channel is weak due to small isospin factor; τ P · τ N = −3 for isosinglet and τ P · τ N = 1 for isotriplet. 
IV. DISCUSSION

A. Contribution from short range interactions
By solving coupled channel Schrödinger equations for P N and P * N channels, we find many bound and resonant states for I = 0 and few resonances for I = 1. For these states, the tensor force of the π exchange potential plays a significant role to produce them. When we ignore the P * N channels and solve the Schrödinger equation only with P N channels, we find no bound state nor resonance. Thus, the P N-P * N mixing and the π exchange potential play an important role to generate a rich structure of molecular states.
The importance of the π exchange potential stands out more in the bottom sector. The small mass difference betweenB andB * mesons helps to yield the strong attraction because it induces the strongBN-B * N mixing with the tensor force. Furthermore, theB ( * ) N has heavier reduced mass and hence the kinetic term is suppressed. For these reasons, the binding energies ofB ( * ) N states are larger than these of D ( * ) N states.
When we compare the results of the π potential and of the πρ ω potential, they are quite different for J P = 1/2 ± , 3/2 − with I = 0, where the ρ and ω exchange potentials become important to produce attraction. For D ( * ) N andB ( * ) N states, both ρ and ω exchange potentials are attractive, and hence they increase the binding energy significantly. On the other hand, for J P = 3/2 + , 5/2 ± and 7/2 − , the results for the πρ ω potential are similar to those for the π potential. For large J states, the π exchange potential plays a dominant role to generate bound and resonant states, while the ρ and ω exchanges play only a minor one. This is attributed to the fact that these states have large orbital angular momenta. If relevant channels include large orbital angular momenta, the wave functions tend to extend spatially, and the long range force, namely the π exchange potential, becomes important while the short range force is suppressed.
B. Emergent hadronic molecules
In the present study, we discuss the molecular structure formed by the P ( * ) N bound and resonant states. However, the hadronic molecular picture is not applicable to deeply bound states with small radii. For such states, the constituent hadrons, namely D ( * ) (B ( * ) ) meson and nucleon, overlap each other, and therefore we have to consider short range effects such as an internal structure of hadrons, channel couplings to conventional three quark states and so on. As a naive criterion for the hadronic molecule, we have shown the relative radii of the bound states as discussed in Ref [25] . If the size of the bound state is larger than twice of typical hadron size (namely 1 fm), the state could be well described by a molecular structure. For resonant states, we identify the states as the hadronic molecule. According to the criterion, for the πρ ω potential, only the bound state for J P = 3/2 + ofB ( * ) N constructs a hadronic molecule, where the relative radius is 1.81 fm. Contrary to this, the bound states for J P = 1/2 ± and 3/2 − with I = 0 which have a small radius and a large binding energy are not described as simple molecules. We need to consider the short range effects including various channel couplings to do more realistic discussions. resonances in isotriplet channel due to small isospin factor. For J P = 1/2 ± and 3/2 − , we have found deeply bound states far below DN orBN threshold with a small radius. In these states, the vector meson exchange potential yields a strong attraction. In order to perform more realistic discussions for such compact states, we need to consider further effects from internal structures of constituent hadrons and channel couplings to quark intrinsic states.
On the other hand, for J P = 3/2 + , 5/2 ± and 7/2 − with large orbital angular momenta, the one pion exchange potential is favored and we have obtained loosely bound states and resonances near the thresholds. There the short range interactions are rather inactive and the long range force of the one pion exchange dominates, where the tensor force plays an important role to generate these states, and they compose the hadronic molecular structure.
It is expected that the hadronic molecular states from a heavy meson and a nucleon are studied in many accelerator facilities; the D meson production in the antiproton-nucleon annihilation process in FAIR [44] and the heavy ion collision in RHIC and LHC [45, 46] . Interaction potentials are derived by using the Lagrangians in Eqs. (1), (2), (6) and (7) as shown in Ref. [17, 18] . The potentials for the coupled channel systems are given in the matrix form of 3 × 3 for J P = 1/2 ± and of 4 × 4 for the other states.
The π exchange potentials for each J P are obtained by
where
The τ P and τ N are the isospin matrices for P ( * ) and N. The functions C m = C(r; m) and T m = T (r; m) are given by
with S 12 (x) = 3( σ 1 ·x)( σ 2 ·x) − σ 1 · σ 2 , and F (Λ, q ) denotes the form factor given in Eq. (8).
The vector meson exchange potentials (v = ρ, ω) are
where V 
Finally, the kinetic terms are given by
K 3/2 − = diag − 1 2m P △ 2 , − 1 2m P * △ 0 +∆m P P * , − 1 2m P * △ 2 +∆m P P * ,
K 3/2 + = diag − 1 2m P △ 1 , − 1 2m P * △ 1 +∆m P P * , − 1 2m P * △ 1 +∆m P P * ,
K 5/2 − = diag − 1 2m P △ 2 , − 1 2m P * △ 2 +∆m P P * , − 1 2m P * △ 2 +∆m P P * , − 1 2m P * △ 4 +∆m P P * ,
K 5/2 + = diag − 1 2m P △ 3 , − 1 2m P * △ 1 +∆m P P * , − 1 2m P * △ 3 +∆m P P * , − 1 2m P * △ 3 +∆m P P * ,
K 7/2 − = diag − 1 2m P △ 4 , − 1 2m P * △ 2 +∆m P P * , − 1 2m P * △ 4 +∆m P P * ,
K 7/2 + = diag − 1 2m P △ 3 , − 1 2m P * △ 3 +∆m P P * , − 1 2m P * △ 3 +∆m P P * ,
where △ l = ∂ 2 /∂r 2 +(2/r)∂/∂r −l(l +1)/r 2 ,m P ( * ) = m N m P ( * ) /(m N +m P ( * ) ), and ∆m P P * = m P * − m P . The total Hamiltonian is then given by H J P = K J P + V J P .
